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EXECUTIVE SUMMARY

In accordance with the requirements of the Administrative Order on Consent (AOC) between the
United States Environmental Protection Agency (USEPA) and the Skinner Landfill Potentially
Responsible Party (PRP) Group dated March 29, 1994, a field evaluation and proposal for Soil Vapor
Extraction (SVE) have been performed. This work was completed in accordance with the Statement
of Work for Remedial Design, Skinner Landfill Site, Butler County, Ohio and the Remedial Design
Work Plan dated August 25, 1994.

The Skinner Landfill site is located approximately 15 miles north of Cincinnati, Ohio near the city of
West Chester. The site was used in the past for sand and gravel mining, and was operated from
approximately 1934 through 1990 to landfill a wide variety of materials. According to EPA studies,
materials deposited at the site include demolition debris, household refuse, and a broad range of
chemical wastes. Past field investigations have revealed that contamination was found at the buried
waste lagoon. This report presents the results of the buried lagoon SVE System Feasibility
Investigation (FI) performed at the Skinner Landfill Site.

The SVE System FI consists of three parts:
1) Buried Lagoon (Perimeter) Soils Investigation
2) Geotechnical Laboratory Analysis

3) Evaluation of Soil Vapor Extraction Feasibility

The following information summarizes the investigative methods, findings and recommendations of
the SVE System FIL.

Buried Lagoon (Perimeter) Soils Investigation

1. Subsurface Investigation - Buried Lagoon Perimeter

a. Seven test borings were installed in October 1994.

b. The static water table was observed at approximately 18 to 27 feet below
ground surface.

c. Two distinct soil zones have been defined:

1. Beneath lagoon - silty clay (prior investigation)
2. Lagoon perimeter - sandy loam
These findings indicated that two contrasting permeabilities were observed.

2. Soil samples were submitted for the following geotechnical analyses:

a. Sieve Analysis

b. Atterberg Limits

C. Moisture Content

d. Organic Carbon Content
e. Classification
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Geotechnical Laboratory Analysis

1. Sieve Analysis findings indicated that well-graded sediments were present at the
perimeter of the lagoon. This means that soil particles cover a wide range of
diameters from very fine to very coarse. With this range of particle sizes, void spaces
are filled with fine grained materials, thus decreasing porosity and limiting the
effectiveness of vapor flow for an SVE remedial system.

2. Atterberg Limits testing results showed that soils on the perimeter of the lagoon
include silty clays, clayey silts, and clayey sands. This test is mainly used to evaluate
clay soils. The data indicate that very fine particles are present in the SVE zone,
which would hamper remediation.

3. Moisture Content resuits indicated an average moisture content of 5.4 percent. A
general range of moisture content is from 10 to 20 percent. Typically, the greater the
moisture content the slower contaminant removal rates will be.

4. Organic Carbon Content testing results showed a geometric mean organic carbon
content of 3.4 percent. Soils with an organic carbon content of more than 1 percent
have a high sorption capacity for volatile organic compounds (VOC). This means the
potential effectiveness of SVE will be reduced.

5. Two soil classification test results showed that the sediments on the perimeter of the
buried lagoon are well graded, ranging from fine- to coarse-grained sediments.
According to USCS particle size distribution charts, test results indicated that the
buried lagoon perimeter soils are mainly silts and clays. According to the USDA
classification system, the sediments tested were considered a sandy loam. For both
classification schemes, this means that the fine-grained sediments found in the
perimeter area will have low porosity, thereby decreasing void spaces, and limiting
SVE effectiveness.

Evaluation of Soil Vapor Extraction Feasibility

1 MODFLOW Computer Software Applications and Findings
a. MODFLOW was used to evaluate the performance of an SVE system installed
in the permeable soils around the west, south, and east perimeter of the buried
lagoon.
. Modeling was performed for transient conditions of 50 and 500 days.
C. Surfer software was used to contour the radius of influence and vacuum
conditions. _
d. A MODFLOW runtime equal to 500 days yields:
Q (flowrate) = 160 cubic feet per minute (cfm)
Vacuum = 10 feet of water (ft H,0)
Radius of influence < 30 feet
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e To effectively remediate the buried lagoon, an SVE system located along the
lagoon perimeter would require a radius of influence > 75 feet to remove

contaminants.

2. HyperVentilate Computer Software Applications and Findings

a. Due to the ineffectiveness of a perimeter-based remedial approach, Rust
investigated an approach assuming SVE wells would be placed in the silty clay
zone of the buried lagoon. A computer software package called
HyperVentilate was used to determine the number of extraction wells required
if the SVE wells were installed within the buried lagoon. This determination
evaluates the ease (or difficulty) of creating adequate air flow within the
buried lagoon soils.

b. The evaluation indicated that a minimum of 84 SVE wells would be required
in the buried lagoon.
c. Further, the evaluation indicated that a minimum of 32 SVE wells would be

required in the perimeter soils for containment.

Rust's Conclusions and Recommendations

Attempting to remediate the buried lagoon contamination by applying SVE technology to the more
coarse grained perimeter soils is not feasible because adequate air flow through the contaminated
zone can not be achieved with this approach. Factors precluding effective air flow include:

1. Topography constraints - Because the ground surface on the outside of the perimeter
(i.e., the "clean" side) slopes away from the SVE system, there will be less resistance
to air flow; consequently, there will be more air flow coming from the perimeter and
less from the lagoon (i.e., the target remediation zone).

2. Permeability contrasts - Because there is a permeability contrast of 3 to 4 orders of
magnitude between the buried lagoon soils and the lagoon perimeter soils, the
tendency for air to flow into the system from the contaminant zone (i.e., from the
buried lagoon) will be minimized.

3. Effects of other remedial actions - Because the buried lagoon will be capped, there
will be even greater resistance to air flow through the target remediation zone, further
hindering remediation. In addition, the cap and the groundwater interception system
will combine to create an effective method to capture and contain contaminants,
obwviating the need for the SVE system as a containment measure.

In addition to these effects, the relatively high organic carbon content of the soil will have a high
adsorption capacity for the VOCs within the subsurface, thereby further inhibiting the effectiveness
of SVE.

No further evaluation of soil vapor extraction for remediation of the buried lagoon soils is
recommended.
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1.0 INTRODUCTION

This report presents the results of the Soil Vapor Extraction (SVE) System Feasibility Investigation
(FI) performed at the Skinner Landfill Superfund Site, West Chester, Butler County, Ohio. The FI
was performed in accordance with the requirements of the Administrative Order on Consent (AOC)
for Remedial Design for the Skinner Landfill Site between the U.S. Environmental Protection Agency
(USEPA) and the Skinner Landfill Potentially Responsible Party (PRP) Group, dated March 29,
1994. The AOC presented selected investigative actions for the site and the requirements for report
presentation. Attachments to the AOC included the Record of Decision and the Statement of Work,
which will be discussed in Section 2.0.

Rust Environment & Infrastructure (Rust) completed the FI in three tasks. The first activity involved
installing of seven soil borings around the perimeter of the buried lagoon. The second activity
consisted of detailed geotechnical testing of representative soil samples collected from these borings.
The final activity was to evaluate the performance of possible SVE systems using MODFLOW and
HyperVentilate computer software. The FI was performed in accordance with the approved
Remedial Design Work Plan submitted by Rust on August 25, 1994, and companion documents,
Remedial Design Field Sampling Plan, Remedial Design Investigations Quality Assurance Project
Plan, and Remedial Design Investigations Health and Safety Plan.

The remainder of this section of the FI presents descriptions and background information about the
Skinner Landfill site. The project scope, objectives and the purpose of this investigation are discussed
briefly in Section 2.0. Section 3.0 addresses the first part of the investigation, while Section 4.0
presents the geotechnical findings. SVE computer simulations are addressed in Section 5.0, which
discusses computer software applications and findings. Conclusions and recommendations are
presented in Section 6.0.

1.1 SITE LOCATION AND DESCRIPTION

The Skinner Landfill site is located approximately 15 miles north of Cincinnati, Ohio near the city of
West Chester, an unincorporated area in Union Township, Butler County, Ohio, as shown in
Figure 1. The Skinner site is comprised of approximately 78 acres of hilly terrain. The site is
bordered on the south by the East Fork of Mill Creek, on the north by wooded, undeveloped land,
on the east by a Consolidated Railroad Corporation (Conrail) right-of-way, and on the west by
Skinner Creek.

The site is located in a highly dissected area that slopes from a till-mantled bedrock upland to a broad,
flat-bottomed valley that is occupied by the main branch of Mill Creek. Elevations on the site range
from a high of nearly 800 feet above mean sea level (MSL) in the northeast to a low of 645 feet MSL
near the confluence of Skinner Creek and the East Fork of Mill Creek. Both Skinner Creek and the
East Fork of Mill Creek are small, shallow streams that flow to the southwest from the site toward
the main branch of Mill Creek.
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1.2 SITE HISTORY AND BACKGROUND

The site was used in the past for sand and gravel mining, and was operated from approximately 1934
through 1990 to landfill a wide variety of materials. According to EPA studies, materials deposited
at the site include demolition debris, household refuse, and a broad range of chemical wastes. The
waste disposal areas include a now-buried waste lagoon near the center of the site and a landfill.
According to EPA studies, the buried lagoon was used for the disposal of paint wastes, creosote,
pesticides, and other chemical wastes. The landfill area, located north and northeast of the buried
lagoon, received predominantly demolition and landscaping debris.

In 1976, in response to a fire on the site and reported observations of a black, oily liquid in the waste
lagoon, the Ohio Environmental Protection Agency (OEPA) began an investigation of the Skinner
Landfill. Before the OEPA could complete this investigation, the Skinners covered the waste lagoon
with a layer of demolition debris, thereby hindering the investigation. Trenches were eventually
excavated into the buried waste lagoon, and black and orange liquids and a number of barrels of
wastes were observed.

In 1982 the site was placed on the National Priority List by the USEPA based on information
obtained during a limited investigation of the site. In 1986 a Phase I Remedial Investigation (RI) was
conducted that included sampling of groundwater, surface water, and soil as well as a biological
survey of the East Fork of Mill Creek and Skinner Creek. A Phase II RI was conducted from 1989
to 1991 and involved further investigation of groundwater, surface water, soils and sediments. The
Phase IT RI also included investigation of the buried lagoon by means of soil borings drilled through
the overlying construction/demolition debris and into the underlying native soils.

The field investigations have revealed that the most contaminated medium at the site is the soil from
the buried waste lagoon. Lower levels of contamination were also found in soils on other portions
of the site and in the groundwater, and low levels were found in the sediments of East Fork of Mill
Creek, Skinner Creek, and the Duck and Diving Ponds. Migration of the contaminants has been
limited, and the Phase II RI concluded that there had been no off-site migration of contaminants via
groundwater. In accordance with the December 9, 1992 AOC for Interim Remedial Measures (IRM).
groundwater samples are being obtained and analyzed quarterly. In addition, a fence was installed
around the Skinner Landfill site and is inspected on a continuing biweekly basis.

1.3 GENERAL SOIL VAPOR EXTRACTION TECHNOLOGY DESCRIPTION

The SVE process is an in-situ technique for the removal of volatile organic compounds (VOC) and
some semi-volatile organic compounds (SVOC) from the vadose zone of the soil. The vadose zone
is the subsurface soil zone located between the surface soil and the top of the water table. SVE is
commonly used with other technologies in a treatment train, since it transfers contaminants from soil
to air and water wastestreams.

SVE treatment is conducted as follows. Vapor extraction wells or vents are installed in the
unsaturated zone of a contaminated site. A vacuum is applied to the wells, usually supplemented by
the injection of ambient air through separate wells. When the air passes through the solil,
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contaminants are volatilized and removed via vacuum extraction wells. Entrained liquids are
separated from the air stream and the liquids are treated to remove contaminants. The gas is then
drawn through a blower, treated (if necessary) and discharged to the atmosphere.

The two primary limiting factors when considering use of SVE is the volatility of the contaminants
and the properties of the soil. SVE is most effective at removing compounds which have high vapor
pressures and which exhibit significant volatility at ambient temperatures in contaminated soil. The
air permeability of the contaminated soils controls the rate at which air can be drawn through the soil
by the applied vacuum. This is generally related to the grain size of the soil, with sandy soils having
a higher air permeability, while clayey or silty soils are less permeable. The soil moisture content or
degree of saturation is also important. Soil heterogeneities will also limit effectiveness due to
differential treatment and development of preferential pathways.
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2.0 PROJECT SCOPE AND OBJECTIVES

As documented in the Record of Decision (ROD), it was suggested during the public comment

period that "extraction of the volatile organic vapors from the permeable materials surrounding the

lagoon wastes be considered as a remedial alternative.” It was this suggestion which initiated the
SVE System FL

The Statement of Work (SOW) indicated that the primary objective of the SVE System FI is to
determine the practicality of an SVE system removing organic vapors within the "permeable”
perimeter materials adjacent to portions of the buried waste lagoon. The perimeter areas along and
adjacent to the western, southern, and eastern boundaries of the buried waste lagoon area were to
be investigated.

The Remedial Design Work Plan (RDWP), submitted by Rust on August 25, 1994, indicated that
Phase I would consist of three primary tasks: soil borings, geotechnical laboratory testing, and the
comparison of findings with published literature. The scope of subsequent phases of investigations
would depend on the results of the Phase I investigation.

The Phase I field investigation for the FI consisted of seven borings drilled on the perimeter of the
buried waste lagoon. The purpose of the borings was to determine the vertical and lateral distribution
of granular materials adjacent to the buried lagoon. Selected soil samples from the borings were
tested in a geotechnical laboratory to determine their gradation characteristics, moisture content and
organic carbon content. In addition to a limited data search, the results of the laboratory tests were
used in computer models to determine if SVE would be a practical technology for the remediation
of buried lagoon volatile contaminants.

This document is intended to report methods, findings and conclusions of the Phase I investigation
As discussed in the RDWP, if the findings of the investigation indicate that an SVE system may be
a viable method to remove organic vapors from the granular materials adjacent to the buried waste
lagoon, the report will contain recommendations and proposals for additional work that may be
required in subsequent phases to further evaluate and design an SVE system. If the findings of the
investigation are that an SVE system is not feasible, the report will recommend that no further action
be taken with respect to SVE.

The SOW established a May 23, 1995 submittal date for the completion of a draft report on the SVE
System FI.
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3.0 SUPPLEMENTAL INVESTIGATION ACTIVITIES

As defined in the approved RDWP, the purpose of the supplemental field investigation was to obtain
additional data for evaluating the feasibility of an SVE system for the removal of organic vapors
within the soils adjacent to the buried waste lagoon. The perimeter areas along and adjacent to the
western, southern and eastern boundaries of the buried waste lagoon area were investigated.
Supplemental site investigation activities began in November 1994 under the direction of Rust
personnel. During the course of this investigation, Rust employees installed a series of on-site test
borings and submitted representative soil samples for geotechnical testing. Field investigation tasks
were conducted in accordance with the requirements of the OEPA and USEPA.

3.1 SUBSURFACE INVESTIGATION - BURIED LAGOON PERIMETER

The supplemental field efforts consisted of evaluating the subsurface materials to identify the nature
and extent of potential SVE applications. Seven soil borings were installed along the perimeter of
the buried waste lagoon to determine the physical characteristics, areal extent and uniformity of
sediments. Locations of these borings are shown in Figure 2. The depths of borings varied from
depths of 14 to 42 feet below grade. Descriptions of the subsurface materials are presented in the
Soil Borehole Logs contained in Appendix A. Continuous soil samples were obtained in accordance
with American Society for Testing and Materials (ASTM) Methods.

3.2 GEOTECHNICAL LABORATORY ANALYSES

Soil samples were obtained for geotechnical testing to determine whether or not the subsurface
sediments are conducive to SVE applications. Each soil sample collected was properly logged in the
field and classified in accordance with the Unified Soil Classification System (USCS). Analyses for
complete grain size, Atterberg Limits, and moisture content were performed on one representative
sample from each designated test boring location. All geotechnical analyses were conducted in
accordance with appropriate ASTM standards. The depth of these samples was selected in a range
below the contamination and above the water table. The samples were collected at the depths where
the SVE well screens would actually be open and at which the vacuum would actually be applied.
Typically, a SVE well point is constructed with a screened interval near the bottom of the well (but
above the water table) so that air is drawn from the ground surface downward through the entire
vadose zone. As such, the geotechnical data at the bottom of the anticipated well point are of interest
because this defines the zone of influence the well will create. The following table indicates the
depths at which each sample was obtained:

Test B-59 B-61 B-62 B-63 B-64 B-65 B-66
Boring
Sample 14-16 10-12 14-16 16-20 18-22 18-22 16-18
depth (f)
n:\62680\wp'svefeas. w6l 5 August 1995
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4.0 SUPPLEMENTAL INVESTIGATION FINDINGS

On November 11, 1995, after completing field activities, seven soil samples were submitted for

geotechnical analyses. The soil sample test record, as shown below, indicates the analyses

performed. The analytical findings from these tests are summarized in Table 1 and consist of the
following parameters:

» Sieve Analysis - ASTM D422

» Atterberg Limits - ASTM D4318
* Moisture Content - ASTM D2216
+ Organic Content - ASTM D2974
+ Classification - ASTM D2487

Sieve Analysis

A sieve analysis is performed when a sample of dry soil is shaken mechanically through a series of
woven-wire square-mesh sieves with successively smaller openings. The sieve analysis is useful in
determining grain-size distributions (i.e., grading), as well as the coefficient of uniformity and
coefficient of curvature. The Skinner soil samples tend to be characterized as well-graded sand, silt
and clay; the grain size distribution reports are shown in Appendix B.

The coefficient of uniformity (C,) indicates the smaller the number, the more uniform the gradation.
For example, a C, = 1 is indicative of a soil with only one grain size. Very poorly graded soils, such
as beach sands, have C, values of 2 or 3, while very well-graded soils may have C, values of 15 or
greater. C, values equal to or greater than 500 typically represent a range of particle sizes from
cobbles and boulders down to fine clays.

Another shape parameter that is often used for soil classification is the coefficient of curvature (C.).
A soil with a coefficient of curvature between 1 and 3 is considered to be well graded as long as the
C, is also greater than 4 for gravel and 6 for sand. Description of C, and C, formulas are shown in
Appendix C.

The following table represents C, and C_ geotechnical findings from the buried lagoon supplemental
test borings:

Gradation B-59 B-61 B-62 B-63 B-65 B-66
Parameter
C, NA’S 767.4 645.7 8414 720 2660
C. NA'S 55.6 8.1 1.6 0.6 32

"Note: See Appendix C for appropriate equations used in the calculation of C, and C,
N.A indicates that no value for D g was obtained, thus no calculation was completed
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The geometric mean for C, and C_ were determined using the following calculations:

C,  =((767.4)(645.7)(841.4)(720)(2660))"*
=956.0
while C, = ((55.6)(8.1)(1.6)(0.6)(3.2))"*
=42

These values indicate that the soils along the perimeter of the buried lagoon are non-uniform (i.e
they have a wide range of grain sizes) and moderately well-graded (i.e., the proportion of each grain
size is approximately equal and varies smoothly). Soils with these characteristics typically have a
relatively low porosity and low permeability because the voids between the larger particles are filled
in by the smaller ones. Soils with low porosity and low permeability typically represent a poor
environment for soil venting.

Atterberg Limits

The Atterberg limits indicate the engineering behavior of fine-grained soils as a function of water
content in soil samples. The Atterberg limits, along with the natural water content, are important
items in the description and behavior of fine-grained soils. Typically Atterberg limits are helpful :n
classifying soils, because they correlate with the engineering properties of fine-grained soils.

Two Atterberg limit parameters were evaluated from the lagoon perimeter test borings. The
parameters were the Lower Limit (LL) and the Plasticity Index (PI). The PI is the range of water
content where a soil is plastic, while the LL is the lower limit of viscous flow. The Pl and LL are
plotted on a Casagrande's Plasticity Chart which is used for laboratory classification of fine-grained
soils. A geometric mean obtained for the LL is 20.8, while the PI geometric mean equals 6.0. The
following table indicates the values obtained for each appropriate sample:

|
Soil Boring B-59 B-61 B-62 B-63 B-65 B-66
(14-16" (10-12Y (14-16" (16-20" (18-22" (16-18")
Liquid 204 230 202 19.2 20.0 225
Limit (LL)
Plasticity 6.8 6.3 49 49 62 73
Index (PI)

By plotting these two parameters on Casagrande's Plasticity Chart, they indicate that the Skinner
borings are "Silty clays; clayey silts and clayey sands." An example of Casagrande's chart, with an
indication of the Skinner LL and PI placement, is shown in Appendix E.
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Moisture Content

Another significant soil characteristic is the mass of water in the voids relative to the mass of solids
in the soil. Typically, the greater the moisture content the slower contaminant removal rates will be.
The ratio of water mass to soil mass is called the moisture content. The geometric mean moisture
content for the lagoon perimeter borings is 5.4 percent. Typically, soils exhibit a moisture range of
10 to 20 percent. Since this moisture content of 5.4 percent is fairly low, it doesn't appear to be a
constraint to SVE applications.

Organic Carbon Content

According to C.W. Fetter's Contaminant Hydrogeology (Prentice-Hall, 1981), many organic
compounds which are dissolved in groundwater can be adsorbed onto solid surfaces. The primary
adsorptive surface is the fraction of organic solids in the soil. The partitioning of a solute onto the
organic carbon content of a soil is almost entirely onto the organic carbon fraction if the organic
compound content is greater than 1 percent by weight. The following table indicates organic carbon
values obtained for each appropriate sample:

Soil B-59 B-61 B-62 B-63 B-64 B-65 B-66
Boring (14-16" (10-129) (14-16Y) (16-209 (18-22) (18-229 (16-18")
Organic 147 % 311 % 4.80% 392% 6.40 % 425% 2.46 %
Carbon

The geometric mean obtained from the supplemental soil borings yielded a value of 3.44 percent
Soils with a high organic carbon content have a high sorption capacity for VOCs and are more
difficult to remediate successfully with SVE. It appears that an organic carbon content of 3 44
percent could have an impact on contaminant adsorption and hinder the effectiveness of a soil venting
system.

Soil Classification

In an effort to fully assess the soil particle characteristics, two solil classification systems were used
to evaluate the perimeter lagoon soils. The USCS classification was the first system to be reviewed.
which indicated that a wide range of well-graded sediments was present. Materials ranged from
gravel-sand-silt-clay mixtures to sand-silt-clay mixtures. These classifications were determined using
sieve analysis data to quantify the appropriate particle sizes. Soils which cover this range of particle
diameters will tend to minimize porosity and in effect, hinder the effectiveness of an SVE system.

A second classification system called the United States Department of Agriculture (USDA) Scheme
was used to evaluate a group of soils classified as "soil separates," which are defined as particles less
than 2 mm in diameter. The USDA scheme is based on plotting various combinations of sand, silt,
and clay. Appendix D shows the triangular coordinate diagram, used in the evaluation of sand, silt
and clay combinations, which gives a ratio of the three constituents.
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The evaluation of the supplemental test boring samples was very consistent, with all samples being
plotted as a sandy loam. According to the USDA definition, a sandy loam is a "soil matenal that
contains 20 percent clay or less, the percentage of silt plus twice the percentage of clay exceeds 30,
and 52 percent or more sand."

The designation of "sandy loam" (USDA) and gravel-sand-silt-clay mixture (USCS) for the buried
lagoon perimeter samples indicates the soils around the lagoon are more coarse grained than soils
within and below the lagoon. Sediments obtained from within the buried lagoon were characterized
as silty clay during a prior lagoon investigation, which according to the USDA definition is a "soil
material that contains 40 percent or more clay and 40 percent or more silt." Both the USCS and the
USDA classification systems indicate that perimeter sediments range from gravel and sand to silts and
clays. As previously mentioned, these well-graded perimeter soils typically are not conducive to SVE
applications due to the limited void space.
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5.0 SOIL VAPOR EXTRACTION FEASIBILITY ASSESSMENT

In-situ vapor extraction, or soil venting, is considered to be a cost-effective remediation alternative
for permeable soils contaminated with volatile contaminants. Contaminants volatilize from the soil
matrix and are swept by the carrier gas flow (air) to the extraction well, treated and discharged. The
five main factors that control the effectiveness of a venting system are:

Chemical composition of the contaminant (i.e., applicable Henry's Law Constants).
Vapor flow rates through the unsaturated zone.

Pressure drop induced by applying a vacuum.

The flow path of carrier vapors relative to the location of the contaminants.

Soil characteristics (i.e., void space, moisture content, organic carbon content).

“nh W -

The following subsections present the SVE system evaluation. The soil venting was evaluated using
the United States Geological Survey (USGS) MODFLOW program and HyperVentilate, a USEPA-
endorsed software guidance system created for vapor extraction applications. The computer-based
evaluations were performed to supplement the comparison of a literature search, as specified in the
RDWP. This combined method provides more site-specific data and relevant information regarding
the feasibility of SVE than a solitary data comparison.

51 MODFLOW APPLICATIONS AND FINDINGS

The MODFLOW software was used to determine the pressure drops within the subsurface soils at
various radii following application of a known vacuum. The pressure distribution and shape of the
area of reduced pressure indicates the potential performance of the system. Soil venting at the
Skinner site was simulated using venting wells placed around the perimeter as discussed in the
approved RDWP.

The modeling was performed under transient conditions with simulated durations of 50 and 500 days.
As shown in Figure 3, a zone of 550 feet (length) and 70 feet (height) oriented along a west to east
cross-section was used as a grid system for modeling purposes. Figure 3 also represents a cross-
section of the topographic features observed at the buried lagoon site. Based upon a perimeter SVE
system and the prior knowledge of contaminant location, it has been determined that an effective
radius of greater than 75 feet is needed to reach the contaminant zone.

A contrast in permeabilities has been documented between the buried lagoon (silty clay - Zone 2) and
the lagoon perimeter (sandy loam - Zone 1). This contrast, as shown in Figure 3, will have a
significant impact on the performance of an SVE system. For modeling purposes, these two
contrasting permeability zones are shown as being distinct with clear dividing lines. Based upon the
calculations to estimate gas permeabilities, as shown in Appendix F, the two zones were given a gas
permeability of 1.75 x 10™ fti/day (Zone 2) and 1.75 x 10 fi/day (Zone 1). Soils exhibiting low air
permeability are more difficult to treat with in-situ SVE technology. A specific storage of 0.02 was
used for the simulation, indicating a moderate-to-low volume of air released due to subsurface
porosity and permeability constraints. A constant head boundary of (-)0.167 feet of water was
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assumed for all boundary cells (except for the cells above the bedrock), indicating that these boundary
cells will not have limited head constraints during MODFLOW simulations.

Modeling was performed by inducing a vacuum at two cells (i.e., SVE well locations) along the
perimeter of the lagoon as shown in Figure 3 (i.e., row 3, column 13 and row S, column 42). Flow
rates were input as 1.0 and 2.0 cubic feet per minute (cfm) per foot width of the cross-section. This
generates a two-well total flowrate of 80 cfm (scenario A) and 160 cfm (scenario B), respectively.
The pressure drops calculated by MODFLOW were then contoured using the graphics software
package Surfer to visually plot the effective radius of influence. The lateral pressure drop that occurs
by applying a vacuum (ft H,0) at a venting well is represented in Appendix G. This change in
pressure defines the extent to which air flow will be induced through the contaminated soils.

The following table represents the MODFLOW/Surfer parameters and findings:

Scenario Time Vacuum Flowrate Effective Radius
(days) (ft H20) (cfm) (f)
A 50 1 80 12.5
A 500 S 80 30
B 50 2 160 20
B 500 10 160 30

Based upon the data presented above and in Appendix G, which indicate the effective radius of
influence and pressure drop, it appears that soil venting from the perimeter cannot create sufficient
vacuum in the direction of the buried lagoon to the produce air flow needed to remove contaminants
in the impacted zone. By reviewing Figure 3, which indicates the contrasting conductivities obsen ed
in the lagoon area and in the perimeter region, we can determine the limited effectiveness of an SVE
system. At 500 days of operation for either scenario, an effective radius of 30 feet is indicated which
will have no impact on the zone of contamination centered in the lagoon. However, if the SVE wells
are applied as a containment remedy along the perimeter of the buried lagoon (See Figure 4), it :s
estimated that, based upon an effective radius of 30 feet and a lineal distance of 700 feet, 12 wells
would be required.

5.2 HYPERVENTILATE SOFTWARE APPLICATIONS AND FINDINGS

To illustrate the difficulty of creating sufficient air flow within the buried lagoon soils, Rust used
HyperVentilate to determine the number of extraction wells that would be required if an SVE svstem
were to be placed within the buried lagoon.

HyperVentilate is intended to be used for evaluating SVE as a remediation alternative; it is not
intended to be a detailed SVE modeling or design tool. Soil permeability and contaminant
concentration data from prior investigations were used to develop a rough approximation of the
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system's desired and maximum removal rates. By using MODFLOW data regarding radius of
influence and vacuum rates, it is possible to evaluate SVE applications.

Assuming that the model parameters described above adequately represent the chemical and flow
dynamic behavior of the site, the venting model can provide a component-by-component and total
contaminant depletion rate. While the model is capable of predicting the venting time to remove a
particular volatile constituent, it is more important to compare the individual component depletion
rates in a relative sense rather than in the absolute sense.

The data shown in Appendix H show how calculations and assumptions were addressed. The findings
of the HyperVentilate model indicated that a minimum of 84 SVE wells would be needed to
remediate the buried lagoon. To accomplish the remediation, wells would need to be installed into
the buried lagoon itself. This presents a concern relative to installation and integrity of the low-
permeability cap that will be installed as part of the Remedial Action. This number of wells would
likely compromise the integrity of the cap, causing infiltration into the buried lagoon. This gives
additional validation to the MODFLOW findings which indicate that SVE is not a practical approach
to the buried lagoon site.

Hyperventilate was also used to evaluate the feasibility of installing the SVE wells along the perimeter
of the buried lagoon as a containment measure. Based upon the calculations provided in Appendix
H, it is estimated that approximately 32 wells would be required to provide a containment function.
This is in contrast to the estimated 12 wells required based upon MODFLOW calculations. The
difference can be identified in the underlying principles of the different softwares. MODFLOW was
designed primarily to simulate hydrologic systems in the soil matrix. It has been modified to reflect
air flow characteristics, but still is considered only an indicator of the potential for subsurface airflow,
not as an SVE design tool. Likewise, HyperVentilate has certain limitations, including applicability
for containment as opposed to remediation. However, it is believed that HyperVentilate reflects the
required number of SVE wells more accurately than MODFLOW.

Regardless, it is believed that installation of 32 wells is not a practical application of SVE for
containment. This argument is strengthéned by the fact that the buried lagoon will be capped, and
a groundwater interception system will be installed. These two measures effectively address
containment of the buried lagoon. Installation of the SVE system would be unnecessarily redundant
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6.0 CONCLUSIONS AND RECOMMENDATIONS

Based upon the buried lagoon soils investigation, the geotechnical laboratory analysis and evaluation
of the SVE applications, it appears that the buried lagoon site is not conducive to the use of SVE
technology. Attempting to remediate the buried lagoon contamination by applying SVE technology
to the more coarse grained perimeter soils would short circuit a remedial system due to topography
constraints and permeability contrasts. Other parameters which will cause difficulties in remediation
pertain to high organic carbon content, as well as the fact that the buried lagoon is scheduled to be
capped, thus hindering air flow and remediation. The following summarizes the SVE System FI
findings:

Geotechnical Laboratory Analysis

1. Sieve Analysis findings indicated that well-graded sediments were present at the
perimeter of the lagoon. This means that soil particles cover a wide range of
diameters from very fine to very coarse. With this range of particle sizes, void space
are filled with fine grained materials, thus decreasing porosity and limiting the
effectiveness of vapor flow for an SVE remedial system.

2. Atterberg Limits testing results showed that soils on the perimeter of the lagoon
include silty clays, clayey silts, and clayey sands. This test is mainly used to evaluate
clay soils. The data indicate that very fine particles are present in the SVE zone,
which would hamper remediation.

3. Moisture Content results indicated an average moisture content of 5.4 percent. A
moisture content range of 10 to 20 percent is considered normal. Generally, the
greater the moisture content the slower contaminant removal rates will be.

4. Organic Carbon Content testing results showed a geometric mean organic carbon
content of 3.4 percent. Soils with an organic carbon content of more than 1 percent
have a high sorption capacity for VOCs. This means the potential effectiveness of
SVE will be reduced.

5. Two soil classification test results showed that the soils on the perimeter of the buried
lagoon are well graded, ranging from fine-to coarse-grained sediments. According
to USCS particle size distribution charts, test results indicate that the buried lagoon
perimeter soils are mainly silts and clays. According to the USDA classification
system, the sediments tested were considered a sandy loam. For both classification
schemes, this means that the fine-grained sediments found in the perimeter area will
have low porosity, thereby decreasing void spaces, and limiting SVE effectiveness.

Evaluation of Soil Vapor Extraction Feasibility
1. MODFLOW Computer Software Applications and Findings:
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a. MODFLOW was used to evaluate the performance of an SVE system installed
in the permeable soils around the west, south, and east sides of the buried

lagoon.

b. Modeling was performed for transient conditions of 50 and 500 days.

C. Surfer software was used to contour the radius of influence and vacuum
conditions.

d. A MODFLOW runtime equal to 500 days yields:
Q (flowrate) = 160 cfm
Vacuum = 10 ft H,0
Radius of influence < 30 feet

e. To effectively remediate the buried lagoon, an SVE system located along the
lagoon perimeter would require a radius of influence > 75 feet to remove

., contaminants.
2. HyperVentilate Computer Software Applications and Findings:

a. Due to the ineffectiveness of a perimeter-based remedial approach, Rust
investigated an approach consisting of SVE wells being placed in the silty clay
zone of the buried lagoon using a computer software package called
HyperVentilate. HyperVentilate was used to determine the number of
extraction wells required if the SVE wells were installed within the buried
lagoon. This determination provides a sense of the ease (or difficulty) of
creating adequate air flow within the buried lagoon soils.

b. The evaluation indicated a minimum of 84 SVE wells would be required in the
buried lagoon.
C. Further, the evaluation indicated that a minimum of 32 SVE wells would be

required in the perimeter soils for containment.

Rust's Conclusions and Recommendations

Attempting to remediate the buried lagoon contamination by applying SVE technology to the more
coarse grained perimeter soils is not feasible because adequate air flow through the contaminated
zone can not be achieved with this approach. Factors precluding effective air flow include:

. Topography constraints - Because the ground surface on the outside of the perimeter
(i.e, the "clean" side) slopes away from the SVE system, there will be less resistance
to air flow, consequently, there will be more air flow coming from the perimeter and
less from the lagoon (i.e., the target remediation zone).

. Permeability contrasts - Because there is a permeability contrast of 3 to 4 orders of
magnitude between the buried lagoon soils and the lagoon perimeter soils, the
tendency for air to flow into the system from the contaminant zone (i.e., from the
buried lagoon) will be minimized.

. Effects of other remedial actions - Because the buried lagoon will be capped, there
will be even greater resistance to air flow through the target remediation zone, further
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hindering remediation. In addition, the cap and the groundwater interception system
will combine to create an effective method to capture and contain contaminants,
obviating the need for an SVE system as a containment measure.

In addition to these effects, the relatively high organic carbon contents of the soil will have a high
adsorption capacity for the VOCs within the subsurface, thereby inhibiting the effectiveness of SVE.

No further evaluation of soil vapor extraction for remediation of the buried lagoon soils is
recommended.
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TABLE 1
GEOTECHNICAL ANALYSES RESULTS
Skinner Landfili
West Chester, Ohio
Sample Uscs Molsture | Percent Passing Organic
Boring | Interval Laboratory Test (Method) Seil Soil Deseription Content Carbon
1D (ft BGS) o o Classification T DR o) O i L) #40 | #200 | Content
B-59 14 1016 | Grain-Size ( ASTM D422)/Mositure Content (ASTM D2216) | SC-SM_ | Brown and gray silty, clayey sand 9.5 182 | 62$ 443 147
B-6l 10 1012 | Grain-Size ( ASTM D422yMositure Content (ASTM D2216) |  GC - GM Brown silly, clayey gravel with sand 28 27 19.5 14.7 3.1l
__B-62 | 14 1016 | GrainSize ( ASTM D422y Mositure Content (ASTM D2216) | GC- GM . Siyclayey gravel withsand | 42 | 344 | 229 | 157 | 480
_B-63 | 161020 | Grain-Size ( ASTM D422)Mositure Content (ASTM D2216) | SC-SM__ | Brownsilty, clayey sand with gravel 81 __8 1838 ne | 392
B-64 181022 N/A N/A Yeltow clay, silty w/ liniestone fragments N/A N/ N/A _ NA | 640
TB65 | 18 1022 | Grain-Sice ( ASTM D422yMusiture Content (ASTM D2216) | _SC-SM__| Brownsilly, cayey sdwithgravel | 72| 65 | 523 383 425
B-66_ | 16 1018 | Grain-Size { ASTM D422yMositure Content (ASTMD2216) |~ GC | Clayeygravelwithsand | 39 404 3 241 | 246
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SOIL BOREHOLE LOG

| e naMe AND LocaTion  Skinner Landfill - West | ofumg merwoo:  Hollow-Stem Auger BORING NO.

: Chester, Ohio | : B-59

| | SHEET

‘ sampung meoo: 2.0 ft. Split-Spoon I 1 o 2

- Sampler | DRILLNG

| | START | FmiswW
WATER LEVEL | l ‘ TME | TME

‘ T™eE | | | 1550 | 1655

| NORTH EAST | paw i | DATE | DATE

ioatum  ft. msl gtevation 735.02 | casing oePTH- l : ' 10.21-94 | 10-21-94 |

" DRILL AIG ! SURFACE CONDITIONS

ANGLE Vertical

------

BEARING

SAMPLE HAMMER TORQUE

FT.-LBS

s

[» i ‘ [ {
§ g EBEi < SAMPLE NUMBER T & 8"2’ ; *l i { :
e 2 eaw; | ot R R, S RN B !
22 i8> 2% = S22 K 0>
T3 8588 o 322120 glongriy
= & : <2 7B CEES e RT3
d aze DESCRIPTION OF MATERIALS w2138 <23 233
1 P L5 3 o - 17
0 i 11 Light yellowish brown SILT (ML), damp, non-plastic, trace i ! P : i
- Y. \ gravel, 30% sand, 1 % ciay (FILL). T
= 110 i I = ' !
L R sS4
. 18 9 A B |
— N\, i . [ __: |
2 19 ‘\/ ) | Light yellowish brown SILT (ML), damp, non-plastic, trace ; : i -
- I 14 k \\ll limestone gravel, 20% clay, 10 % sand (FILL). P ! -
—_ 18 : ! i -
-3 % ( ss' K
. | i .
- 18" <)\)( § ! -
X)) [ ;
4 12 }\\’ Light yellowish brown CLAY (CL), moist, plastic, 20% silt, o !
- 14 (/2,\ 10% sand (FILL. SREREETS |
- 7 N LT
= Lzm ¥ /< . :
l_e t S : i __4 "
i 38 S Light yellowish brown CLAY (CL), moist. plastic, 20% silt, : B i
- 14 | 10% sand (FILL). | ]
- 12 A E
7 4 ; Ss —1
A ﬁ;{ 1 |
- P12t K = i
8 7 Light yellowish brown CLAY (CL) moist, plastic, 20% silt, 10% K l
| b |
R ss| | 0
l Light yellowish brown SAND (SW), wet, fine-grained, 15% —l i i
— 10 5o sand, 15% clay. — '
eo % Gray CLAY (CL}, moist, plastic, limestone fragments, 10% silt, -
17 % 10% sand. _
- 17 ]
}_12 % —
‘ 8 ”//7 Gray CLAY (CL), moist, plastic, limestone fragments, 10% silt,
r 50/1 ¢ 10% sand. P
: 13 4 Ss ! : i
| / ;
—_—
[—14 // I —
L 10 7/// Gray CLAY (CL), moist, plastic, limestone fragments, 10% silt. i
0 / LT
-5\ s U7 ! - !
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SOIL BOREHOLE LOG

SITE NAME AND LocaTion  Skinner Landfill - West | ORwung methoo:  Hollow-Stem Auger BOANG NO. 9 _,
Chester, Ohio ! B-5 | _
_ SHEET :
sameung meTHoo: 2.0 ft. Split-Spoon 2 o 2 i “
{ Sampler @ DRILLING Lo
_ START FINISH | _
| | _WATER LEVEL _ TIME TIME L
: L TiME 1550 | 1655 Lo
| NORTH EAST L oare | | paTE OATE ; m
{oatum  ft. msl guevation 735.02 | casing oeptk| . 10-21-9410-21.94;, =
| DRILL RIG { SURFACE CONDITIONS Lo
.anGle  Vertical BEARING  ==e=== o
T
" SAMPLE HAMMER TORQUE FT.-LBS ! » L«
| * ' b : “ X i m
NP i | w0 i i
wZi25s SAMPLE NUMBER e & Q211 o | “ 8
L2 ezdi L Z SSE 25 o 1 e
, O = L. W
23'922:'3 2 AND Bag 0%l L2l gogof] z
2233, 0% <25 2o GpelElES 3
&2 2ZE ” DESCRIPTION OF MATERIALS o g mo, B www S<sw g -z
-Tal bR R 3033836 !
=15 16 28 ss | = o
: g’ ' o {
— 4" \\\\\\n v\ . ; ._ - ~ i j i
—16 T = _ , ,
5011 — 11 Weathered SHALE (SH) and fossiliferous LIMESTONE (LS) ! | v
- 0" i fragments. | | L M i
- T (Difficulty augering; no recovery. Drnll cuttings observed for iss LT !
- 7 —_1 ® lithologyl. e ,.
; R
L —] , i o
—18 L L
- END OF BORING AT 18.0 FEZT. e
- SRR
19 oo i ! w
- | .o ! [
oS
- , o i i
—20 , _ . | _ i
- i 4 !
| | I
1 : [ o i ; : j
-2 , : N | P w
L S : _,
—22 ] H - v _ L
_ # m - i !
i ! s E |
- o =
23 | v o ,
r A
L | i ! - | | !
—24 A B R @
— ' : _ = . i :D
- 4 i I _ = * | M
- | 7 b . ©
L | i m u b 4,
—26 | : |
- W - : " !
- A | 4 3
C27 “ | ! B : o w i
| | -
.ﬁ * » - M ;B n
i : : i
—28 . : z2 9
- ! ! - @
“ “ ~ , a I
T 29 o 4 2 9
- ! ] w
L oo _ 4 g =
30 ", | B S g




SOIL BOREHOLE LOG

l 1
o

| sire name anD LocaTion  Skinner Landfill - West | 0minc metnoo:  Hollow-Stem Auger BORING NO.
Chester, Ohio B-61
! SHEET
I sampung metoo: 2.0 ft. Split-Spoon 1 o 1
Sampler DRILLING
START |  FINISH
3 WATER LEVEL ‘ TIME TIME ‘
; TIME ! 0830 0920 '
| NORTH gaST | oATE ! | DoATE | oOaATE
oarum  ft. msl eievation 734.51  caswg perTH j | 110-21-94 - 10-21-94
! oRILL RiG SURFACE CONDITIONS
" ANGLE Vertical BEARING ~ ======
| SAMPLE FAMMER TORCQUE FT.-18S
I : ) : i | { ' ‘ 1 T
[ |
Gzlzgs SAMPLE NUMBER £i5g ! |
£0iez 1 E=> 02 | & :
Zilaggtﬁ% AND »im;'um\'ﬁig =i U>:
3338 35 222130 Efla K2 Ra L
. ' [7;] P = e - :
%3 =ZE DESCRIPTION OF MATERIALS @298 122359582
=T (1T 2035 3|ESie g
[]] 8 x ] Brown CLAY (CL), moist, piastic, 20% silt and limestone P | | ;
- 13 ¢ )’\',V/‘ fragments (FILL). N | :
= 13 XAy teel | :
=T SN ssi | 1 |
; ' ; | ¢
- T i B l i |
A I A ’ 3
2 22 Pale brown SILT (ML), dry, non-plastic, 50% clay, 50% P ! ! ; I
- 22 \,' limestone fragments (FILL). i ‘ B i ;
= .18 ! Eo j ; g ‘
3 y .SS ) } 1 i
_ 2z %\)* A I 1 N .
- ‘i 10 <)/ *0 \ . ‘ - : I | ;
—4 L2686 o \« Paie yellow CLAY (CLI, dry, plastic, 20% silt, 50% limestone ; - : ( !
- I 20 <><><'\J.; fragments (FILLI. T i
- i 19 S v : . —_ i
s . 'S$: i I
-7 SO o
j— 6 X YN 1 ‘; P .1 ' i ! !
130 Ty ﬁ\ i LIMESTONE (LS) fragments, trace fine sand and silt (FILL). ' P i : ; ; i
- 50/3 & (i [ N
-, T } 1 .l i b
- Rt ; | - ] | ! L
- g | XXX | Lo - : | L
35 LIMESTONE (LS fragments (FILL). A T e T e B
- 50/4 I ol 3 N R
- e S \ﬂ oo 4 : { :
"9 3& ss | | } o
BRI
{

i | 28 LIMESTONE (LS} fragments, some fossiliferous fragments . ] :
- 20 {FILL). 1 ; I ;
- ; 16 ; \ i
_1l g ss| ! ]
- 6" l ! b
‘ | l |
i 12 | 47 Light yeliowish brown SAND (SW), saturated, fine- to l ] ) i
- 13 medium-grained, 10% siit. | l’ :
= 10 b !
_ 13 : ss o L
- 8" il ; ‘ b
I PP ot i
_ 1 4 e - g
e l END OF BORING AT 14.0 FEET. | i !

| , 1
=18 ! | ;
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LocGep 8y RUST E&I .. .
DATE 5/18/95
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SOIL BOREHOLE LOG

SITE naME AND LocaTion  Skinner Landfill - West [ ORiume wetwoo:  Hollow-Stem Auger BORING NO.
Chester, Ohio 3-62
l SHEET
. sampung metwoo: 2.0 ft. Split-Spoon : 1 o 1
i Sampler ! DAILUNG
| sTART | sk
WATER LEVEL | t | TIME TIME
I e } | 1347 | 1458 |
NOATH EAST | DATE E | | DATE ‘ DATE 1
oatum _ ft. msl grevation 731.27 | casing perTH| i '10-20-94 1 10-20-94 |
| DRILL RIG ! SURFACE CONDITIONS |
anvcle  Vertical BEARING  =====-= ‘
SAMPLE HAMMER TORQUE FT.-LBS ! ‘
: : i i |
fE-}Zz—‘ z 9l lg '-J-l !i ‘ [
w2 Zw l SAMPLE NUMBER olx 831 & .
i;;i‘ﬂﬁ-w 2 | e 25 1 e | !
S 83398 AND 3§§0 G 2 wopLZ
]EE qug ® & 23Z 32 EEe L 53
&2 2z¢ ‘ DESCRIPTION OF MATERIALS U< Z201 <23 s<ses
-Ta i Poe (305 3& S5 g
3 0 :} ; ;F?—'é:-'?-#—‘gazrf)brown CLAY (CL), moist, 30% clay, 10% fine grave! (Okto //r«: _' ' ; .‘ |
' i - ‘ J : )
~, 6 dwm ! Yellow brown POORLY GRADED GRAVEL {GP), damp, 20% 'ss B , i | ;
i‘“ L5 silt, 20% sand. bl - P i
- | 18 Pale yellow POORLY GRADED SAND (SP), dry, fine- to | m { | !
—2 | s . medium-grained. A —— ‘
S A Yellowish gray WELL GRADED SAND (SWI, dry, 40% angular | —
— [ 15 gravel, 10% silt. ; - i :
: ! | . i
I P fss = }
o 12" | - i
; ! _ i i
—4 Vellowish gray WELL GRADED SAND [SWI. dry, 30% coarse T R
- 18 (<17) gravel, 15% silt. Do . |
- S 15 !,ss -
L 8 i D= l
: i v : !
—$6 19 No Recovery f ] | L ! !
- 20 P -: | :
Ty 2 ss| i ]
~ 22 | P
_ o l b= 1
—® 7 - . N =
; 77 Yellowish brown CLAY (CL), damp, 40% sand, 5% silt, 10% . P i '
I_ L7 W ! fine gravel. ! ! E j !
e o 7 5 188 N {
Tl e // f\ | ; i |
L 10 | ‘//// | i
5 TR WELL GRADED GRAVEL (GW), dry, angular, 20% sand, 5% | ! '
[ ; 23 Ko \V‘ silt, Black CLAY (CL}, moist, 20% sand. ‘
. I 1 B = P =
R SR 'SS
- 12 ": ) /\ - |
B b - ?
12 2 ] !
6 |- Olive, black mottled POORLY GRADED SAND (SP), saturated, : ' )
- 5 oo 30% gravel, 5% silt. 7 ] i
= 8 n
_13 g 7 ss i ‘
L 10" . ;
] i | { i
—14 : — . .
_ END OF BORING AT 14.0 FEET. ; - P 1
: t ‘ )
- 18 ! - ! ! ‘
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SOIL BOREHOLE LOG

Continued Next Page

SITE NAME AND LocaTion  Skinner Landfill - West | ORriunG metvoo: — Hollow-Stem Auger BORING NO. ]
Chester, Ohio _ B-63
SHEET
samPung metHon: 2.0 ft. Split-Spoon 1 o 2 [
Sampler DRILUNG |
START |  FINSH |
WATER LEVEL | | TIME ] Tve |
i T™ME_ | 1545 0952 |
. NORTH gAST pate | DATE I DATE ';
‘patum  ft. msl gevation 733.86 | casmeG peptw | 10-18-94 | 10- 19-94 :
DRKLL RIG i SURFACE CONDITIONS ‘
ANGLE Vertical BEARING  ===~== l
| SAMPLE HAMMER TORQUE FT.-L8S !
; T ‘ T ‘
P | ; ] P ’ ,7 } ! 1
: - ! [+ | W= i .
‘w2 2G> | SAMPLE NUMBER e & 29 P
w O - > o2 R H
2 & 'Q&w L X WS - £5| | o v
123922 5<! AND E59 82| | 2| sdugoX
=3 £33 35 S22 25 s mesit
L= ! ; 7] : S kign =0 2
kg gz 7 DESCRIPTION OF MATERIALS 5<% 33’ 52559583
- ; ‘ e =l
0 | 10 —rdd—— Organic SILT (ML), drv, leaves, roots. etc. ; T
- | 1s 24 5 - P - ! b
| A Dark yellow CLAY (CL}), dry, 30% silt. P !
IR R ss! T »
3 2 | 1 L
- D / ‘ ' j P i
L—Z / : , i ! ) ;
‘ 18 1ot Pale yellow SILT (ML), dry, non-plastic. i [ . ] :
- 12 , . } i L
"3 e il 2 ss' a o
- IR H B =L
14~ A, Co \ ' i
- iy - ' i ' '
, (RN o i
—4 3 “ _i lron oxide staning. w — : ; ‘
- 9 Rl | oo ;
- Co10 i lee | - P
~ 5 20 .{-‘X“ had - [
; | ge P b i : ‘ I
SRl R |
—5 L] : : P ; ;
! 12 1"‘ | Pale yellow SILT (ML), dry, non-plastic, trace fine sand. : | ! ;
= 12 Y a9 0 i
. . [EREL] 1 | H '
—_ 19 | iy | — ! : |
by ! Hie S8| | !
_ } 12 ! ; t ] ‘ ! !
- - i ‘ i [ 5 ‘{ ; . :1{ i ‘ {
i ! i | | ‘ |
—8 I 25 e Gray limestone GRAVEL (GW], horizontal partings between 1/4 o T i :
= P28 & = inch gravel. I T 4 t ‘i
R s
| , o s ‘{ i : | i !
" o o ford L L
| , B RS Yellow brown SILT (ML), dry. - _} i ! i
‘ (10 Limestane GRAVEL (GW), dry. 5
=gy |2 6 ss ,
i-— 18 |l
- 4" I
L—12 ; —1 ' )
| 5 Limestone GRAVEL (GW), dry. ‘] } T
‘._ 12 i ! !
[ - I ' i
: 20 oo
F 13 23 7 Ss J )
2" '
!
143 Light greenish gray WELL GRADE - SAND (SW), damp, 20% 1
o | 18 fine- to medium gravel. I
— 15 19 ) ! !

DRILLING CONTR___
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SOIL BOREHOLE LOG

‘ SITE NAME aND LocaTion  Skinner Landfill - West i oriung merwon:  Hollow-Stem Auger BORING NO. ‘
| Chester, Ohio ‘ B-63 |
' i SHEET ;

' samrung methon: 2.0 ft. Split-Spoon 2 o 2
i Sampler ORILLING
[ ! START FINISH
WATER LEVEL | : L Time TIME
TIME % 3 | 1545 | 0952
| NORTH EAST [ DATE ! l i | oate DATE

)

| patum  ft. msl

gtevation 733.86 | casmc oeetHi i

.rDRILL RIG

| SURFACE CONDITIONS

10-18-94 1 10.19.94

"anciz  Vertical

BEARING ~ ====== !
" SAMPLE HAMMER TORQUE FT.-L8S
o2 zEs : e & 09l o
i Q ;«:E‘:i T SAMPLE NUMBER :&:‘OZ & l ;
E;iazg:‘—‘&i AND iim.gg:%(g =% o [(_,)'
=3 358'85; iggz‘;u 153?0*;;*;%
= i : 0 ! S = =0
ST ZZE! ' DESCRIPTION OF MATERIALS w<d S8 2235258
&= %= , jO. @ :;O‘-_v_;_:c-t i
; ; | ] 505 3dadJn 0 i
— 15 20 '8S, | — | .
e o ~ ;
Co ! ] |
—16 : - - - ry — — -
; -} Clive SILT (ML), moist, odor, non-plastic, 2% rounded gravel. | !‘ | I ! !
- i 10 R !
- .13 , ! - i i
-7 e sl -
- 4 o 4o
! v i 1
—18 6 Greenish gray SILT (ML), moist, 20% clay, 10% sand, 5% i : : '
- a rounded gravel. ; ! ! ,
LI ss - ;
- 20 b=
- i il f {
- ® T R
—20 - - - - | ——~|
i 5 Olive grading to biack WELL GRADED SAND (SW), moist to Lo ; ! !
- 18 wet, 20% silt and 30% gravel. ! ; ‘ : :
- 20 tee. i |
_ 21 26 S8 : ‘ |
- 8" - : :
i [ ! ; i
—22 9 Free product; black water below product. S )
- ; | [ - i
i 8 i ; ! :
- . -
231 2 'ss. |
- © 10" : ; | ‘
. ; i i !
~—24 } ' T l
—_ END OF BORING AT 24.0 FEET. \ = ! :
‘ | i ! | j
- \ -
" 2| | g 3
- | . .
- ] | N P
- i - : :
_ 27 ! l _ ! s 1
- f | - ]
+ . 1
_ i ‘ J I
29 'i s ;
- ! 7 b
—_ | | - b : I
30 : | ! o ;
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SOIL BOREHOLE LOG

I . ) N
"sire name ano Location  Skinner Landfill - West “ oruune memioo:  Hollow-Stem Auger won_zawpmb.
' Chester, Ohio J 27
; ! | SHEET
sameung Merwon: 2.0 ft. Split-Spoon [ 1 o 3
h Sampler | ORILLING
_ i START | Fmism
A WATER LEVEL | H TME | TIME
TME | | 0925 1435
" NORTH EAST | DATE j DATE | DATE
ioatum  ft. msi ELEVATION | CASING DEPTH , ) "10-20-94 10-20-94 ;
" DRILL RIG . SURFACE CONDITIONS
| ANGLE Vertical BEARING  =====- ,
' SAMPLE HAMMER TORQUE FT.-L8S
; - i ' | I
. - - ; | w ?I ! i \ i
-4 2 1268 SAMPLE NUMBER - 5198 g _ W
s2legl| Lz SEEEE 2| |
ER AT HEE: AND £09(88 2l sogox
T2(333/98 325 22 LR E_ES]
& g idzE _ DESCRIPTION OF MATERIALS w A_mom MNU I“A.M.RA“ :
RT3 Qi@ _ oS 2d
1 a [°1F I 305585wol |
0 R 7 ; Brown CLAY (CL), moist, plastic, 20% silt, rock fragments | _ I._ i _ ;
- 15 4 (FILL). “ u L “ A
- 1 50/2 mm_, : : V ;
— _ 6" 1 - ! | - !
N v A - ; | ; i
- : " N
—2 9 b | Brown CLAY (CL), damp, plastic, 15% silt, rock fragments _ — : ;
SERERL) VR, 0o B |
— ' i
L3 “M 4 m 'ss| u ; L
- | ht _ a P I
~ . | 0" NA i P M ”
—a | W\M\ ;! u : —
! 13 N /+ Brown CLAY (CL), damp, plastic, 15% siit, rock fragments o P ; :
— \ i ! - \
- ~ “M AVAL{ (FILL). m_ L W “ b W
_ 5 g KA b 8s| - P |
! - N ! : | : i '
— 6 ,_ |4. X i ! ;
r i L ! |
—6 10 | Brown CLAY (CL), damp, plastic, 15% siit, rock fragments _ i l_ \ M !
- a3 v (FILL). _ p P
- i 36 A = ; ! i
L7 e ! i ss - M .
= | - “, ,,
| | i I
P Paie yellow CLAY (CL), dry, non-plastic, 25 % silt, rock , B | ! | W !
Iy fragments (FILL). ‘ o w :
- ss B D
“ 4 P
Paie yellow CLAY (CL), dry, non-plastic, 25% silt, limestone IH
fragments (FILL).
ss 2 ”
J1 !
s ﬁ
Damp, piastic, 30% silt. ;
] w
ss i
- ||
_ ! ,

Continued Next Page
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SOIL BOREHOLE LOG

SITE NAME AND LOcATIoN  Skinner Landfill - West [ ORiime metwoo:  Hollow-Stem Auger BORING NO. |
. - 1
Chester, Ohio B-64 ;
SHEET
sameung meThoo: 2.0 ft. Split-Spoon 2 o 3 |
! Sampler ORILLING |
START | FNisH |
WATER LEVEL i TIME ’ TIME |
TIME | 0925 1435 |
! NnORTH EAST DATE ! | DATE | DATE
loatuw  ft. msl ELEVATION | CASING DEPTH | i | '10.20-94 ' 10-20-94
| DRILL RIG ' SURFACE CONDITIONS !
"angte  Vertical BEARING  ===-=- i j
SAMPLE HAMMER TORQUE FT.-LBS :
! T Pt | <
= €~ i w 1 [ ! i ! i :
wZi2uz i SAMPLE NUMBER In:,_!“' QY. | ; E | i
w0 g2k { E=>. 02 ] & !
z:%%;‘ - ?a_m’(; @l | >
< 3 i S OB : ; i i
=5 535858 Ao 33285 |gEongret
. : 0 S e =lo 2
& gigzE DESCRIPTION OF MATERIALS %92 38 22359588
a7 5 l ® . 32033@SG O
- 15 SxToh 8 iss] | — i
_ i < xf’{)\ | -
6 | X A o !
’ 147 1;?" ! Pale yellow SILT (ML}, moist, non-plastic, 10% clay, 15% fine ! 1 ' Cd
- P20 i ! : !'J" sand and limestone fragments (FILL). b | -
- 2l BN
17 i 9 SS: i I
=T bk T
- P12t || i P = ‘.
PP Ll P '
: 18 S8 e Pale vellow CLAY (CL), moist, plastic, 20% silt with imestone i
- - I N ﬁ{‘i fragments (FILL). i :
T 49 22 {({f-llll1o ss T | '7
_ ! 24 | 1 i} _ : | ! 1
- T ARSI - L 1 :
i el i i
—20 S| —_— — '
| t16 Tl Brown CLAY (CL), damp, plastic, 15% silt with limestone i | | 1,
- L7 ;///’1\l ; fragments. 1 P i ]
T 28 7 ‘/; 11 ss; | i |
- 32 7N A U R
S L
22 7 ,// } ! | ! i
— . 16 7: KX Gray SAND (SW), dry, non-plastiz, fine- to medium-grained, _I i i ;
- R L R / trace limestone gravel. i |
T 23 ‘ 2 L2 ss I o
3 ase L ; b ‘
O e \ : i Pl
I 24 | 18 . Gray SAND (SW), dry, non-plastic, fine- to medium-grained, C !
T [ I/ trace limestone gravel. T | i
A = |0 |
- 4 ;
—26 | 6 Gray SAND (SW), dry, non-plastic, fine- to medium-grained, ' _1; i i l !
P12 10% silt, 30% fine gravel. T { 1
18 - ! |
L 4" | 4 b
i»—zg oo | .
4 Gray SAND (SW), dry, non-plastic, fine- to medium-grained, 1 o i
8 30% fine gravel. I —[ ; i
| 2 == |
L 8" 4 |
30 ¥ * !

Continued Next Page
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SOIL BOREHOLE LOG

~

DRILLING CONTR

SITE NAME AND LOcATION  Skinner Landfill - West | Ot metwoo:  Hollow-Stem Auger _| soRwG No.
Chester, Chio i B-64
SHEET
sampung MeTHoo: 2.0 ft. Split-Spoon 3 o 3
Sampler ; DRILLING
i | START FINISH
| WATER LEVEL | I TiME TIME
TIME 0925 1435
NORTH EAST ! DATE i DATE DATE
patum  ft. msl ELEVATION ! CASING DEPTH | ! £10-20-94 - 10-20-94
" DRILL RIG | SURFACE CONDITIONS
. ancte  Vertical BEARNG  -===-- |
SAMPLE HAMMER TORQUE FT.-LBS !
o= i c i v ! w e 1 ; ‘ :
! 2 25> ! - [« , ;
w s ‘—3; - SAMPLE NUMBER o > 83. Y ’ !
zeigsyiaa ND fgmg&gf = fo>
-38358¢ A 222120 gior2dil
» 7] o =
&2 gzE DESCRIPTION OF MATERIALS w208 £z35E25Q%
W HIBgE ols Lo 0SS !
8= i ‘ 5 20332356
30 6 Gray to dark gray SAND (SW), damp, fine- to coarse-grained, oo i : |
- P8 25% siit, 10% fine gravel. o - i ; ‘
—_ 193 N i - i .
| |
R =) - o
o ! -
;_32 i 6 Gray SAND (SW), dry, non-plastic. fine- to medium-grained, i } -__— L :
= © 18 trace gravel. o | : : :
= 26 lag! - ! |
_33 3, fssi b ! ]
- fo12t i [ i i
‘ i ,‘ 1 j
34 10 Gray and pale yellow SAND (SW}, damp, fine- to i ; : ‘ —3
o L o15 medium-grained, 15% silt and trace fine gravel. f T 1 i i
= t32 el - : i
- % 3 Bl | ;
L 12t ' b o ;
I 36 ¢ oy i | ;
: I Gray SAND (SW), damp, fine- to medium-grained, 20% fine | : ) : i
= I 18 gravel, odor. ! 5 - i i i
- 4, 38 s, - |
- S b (o b
1 : P i : ' j {
38 ;4 Gray SAND (SW), moist, fine- to medium-grained, 20% silt, i ;; o -
- | 8 trace gravel, odor. | R ,
- 14 —- ! ; i
- 39 | . ss 4 11 | !
- & - b
- L . ! .
f 40 ;o4 Gray to dark gray SAND (SW), moist, fine- to coarse-grained, _-1 ! ! [ i
- 8 10% silt, trace gravel, odor. ‘ % i
- 9 Saturated ! !
-4 s ss b b
- - - ]
L4z ] i b
Lo END OF BORING AT 42.0 FEET. B b
" a3 Z ‘
- I
—aa | |
oo HEEER
~ 45 . - .

CHK'D BY .. .. .
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SOIL BOREHOLE LOG

{ : i
| Se name ano Location  Skinner Landfill - West | CRILLING METHOD: Hollow-Stem Auger BORING 60.65 Lo
{ Chester, Ohio ' _D- |
! | SHEET !
; | sampLnG MeThoo: 2.0 ft. Split-Spoon 1 o 2 C
| | Sampler DRILLING ‘
; START FINISH ‘
‘ T
1 WATER LEVEL l ] TIME TME 1
! T | | 1520 | 1632 |
' noRTH EAST | oA ! ' DATE | oaTe
oarum  ft. msl eevation 733.07  casing peptH f , 110-25-94 ; 10-25-94
. DRILL RIG ' SURFACE CONDITIONS
| ANGLE Vertical BEARNG  ===--- | ;
! SAMPLE HAMMER TORQUE FT.-18S % ] E‘
. : i [
B oz~ I ! Wik 1 ! ( | ! z
w g EEE 1_ SAMPLE NUMBER T ¢ 82\ l £ . bt
' - ‘2“‘ W T pu - BT 7] | ' |_| | i ' &}
22 . ws> =% I~ 0-g<c! | 5l o> 3
=« < AND o @ 2! O e Z
[z 2 358 85‘ ‘%ﬁg g;: !E&?inal!ﬁg =
: : 32 g T a=1~~ Z
i} 22 tz_" i DESCRIPTION OF MATER!ALS 125 < 20 1« g:g S< E‘E g <
e f ! l ; BOSTSaSieo
0 SILT (ML), dry, 20% clay, 5% angular gravel (FiLL). - _ ,' i :
- Lo : L
- Lo - ; i
! S8 . + Lo
- : |
. ' ) ¢ !
~ o4
_2 SILT (ML), dry, 30% subangular gravel, 10% sand (FILL). E i _ ’ l '
3 'SS! o o
- ; S
4 o B ] S b
- | =]
5 ;SS ‘ P i
— : - ! .
- b -
—6 B e i e ey
- : i -~ { (
- N
_ 7 iss : _1\ |
7—8 SILT (ML), dry, 10% clay, 5% sand, 5% fine, rounded gravel. 4 -__: |
jand l H
"9 lss ! >
B . 7 f =
— —’ H *z
10 o0 | | S
R i} ]
T s 'ssi 1]
- | | A _ —
; : 1Bt i -]
12 7 1|11 Moist, non-plastic. : wl
: ‘ : -
r |32 |y j . " o
- ' 30 S 8
i 7 $S |
- 13 34 ! i i ! « S
- 100 |l ‘ - ‘ > =
; ! -
3 LN SILT (ML), damp, 20% sand, 5% rounded gravel, 5% clay. ‘ i ; 3 .
- s ||y t i% } | : : oz
! ; ' — 2
—_15 16 ! 1 PR

Continued Next Page



SOIL BOREHOLE LOG

SITE NAME AND LocaTion  Skinner Landfill - West | R mewoo:  Hollow-Stem Auger BORING NO.
Chester, Ohio B-65
’ SHEET
i sampung metron: 2.0 ft. Split-Spoon 2 o 2
Sampler DRILLNG
START FINISH
WATER LEVEL TME | TiME
TIME 1520 | 1632
! NORTH EAST DATE DATE i DATE |
;oatum  ft. msl gievation 733.01 i casme pert 10.25-94 ' 10-25.94 .
| oRiLL AIG | SURFACE CONDITIONS
"angie  Vertical BEARING  ==-==- i
| SAMPLE HAMMER TORQUE FT.-8S
. : . Y
D | | ! l l
= &~ : | W=
Bz 285 SAMPLE NUMBER e £108! |
;LQ,QEJS T ;‘u.l-r_ Egt ®
22 83> = % Edoia2 !l & o>
318383 3% AND 322120 leglo AR sis
' i { . { I S i J
'y g gZE : DESCRIPTION OF MATERIALS ©wl2108 2259533
[ W aFe 1 lo|@°) $oiggiIzes
Pe T i i 1 20538560
~ 15 9 N8 1SS] - i
e t’;ii‘z.,{\J Do - i
L ' [BRF | : i i
16 —5 |1 POORLY GRADED SAND (5P}, moist, fine-grained, interbedded | | | |
8 i with thin strings of medium to coarse, rounded gravei. A
8 lee) |
8 Ess; L
S : ; i _|
i I
g T
'ss _
WELL GRADED SAND (SW), moist. ’ :
Saturated. ( — f
'S8 i
1
. , B
END OF BORING AT 22.0 FEET. l _‘
1 i
; - i
! b
! . P
N |
- I
i ~ b
— i i
i
LA :
[— i
- 1
- .
r 29 = ;
- ]
T ag }

DRILLING CONTR

touutu sy RUST E&I
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SOIL BOREHOLE LOG

| e name ano LocaTion  Skinner Landfill - West [ 0Ruunc merwoo:  Hollow-Stem Auger BORING NO.
| Chester. Ohio : B-66
~ SHEET
* sampunc metioo: 2.0 ft. Split-Spoon 1 o 2
Sampler DRILLING
START FINISH
| WATER LEvEL | : | TIME TIME
L orme | i | 0925 1350
| NORTH EAST |  oat | ! DATE OATE |
loarum  ft. msl gievation 732.64 | casinG 0eeTH I , !10-25-94 | 10-25.94 |
| oRILL RIG | sureace conDiTions |
ancie_ Vertical BEARING  ===--- _ :
SAMPLE HAMMER TORQUE FT.-L3S . |
- ., ool 1 o
-4 ; ol e 0
W3 _.Iowm - SAMPLE NUMBER «mwn_.. =1 wm ‘ & 1
ZE szl garlea| | o
=« o) o9 AND PQG“SA~ 4 TSR LS Rt
£3335/%8 32252 |EEelores
{ i 0 Sp-0
=D vmum ! DESCRIPTION OF MATERIALS o< A*mm_ 2235238%
.Dl\_ o~ ; . ucya ,_Wmnli.lePﬂ
i | | ! Lo ~ a0
o 7 SILT (ML), dry. 30% gravel, 10% sand. T ,
' | ! ; - '
_ ss T
: SRl
| SILT (ML), dry, 20% fine to medium, subangular gravel, L ;
V.I laminae structure, thin. J “ “
o —_—
L3 SSi iR W
- Bl
P
- ) : | |
, SSs i ; .
=~ bor = !
- . -
_,, i i i
- No partings. ' J ;
- = ¢ |
- _,mm i ]
- i ~ o
_ v ] [
Wl Moist, subrounded gravel. _ P " —
_ | ER
- 's8 J o
m o A |
[ , J |
| SILT (ML), moist, low plasticity, 20% clay, 20% subrounded ! : ;
- —d t |
; gravel, 2% sand. . | ! i i i
L s ~ w L
i : i i
C _” L b
| m W
L | W
, WELL GRADED SAND (SW), moist, 10% silt, 10% rounded lss ”
- gravel. : = o
_ _ .| [
: _ L
*|| Damp, 10% to 30% silt. - -
- SN e
— . m

Continued Next Page
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SOIL BOREHOLE LOG

: ]
% siTe Name anD LocaTion  Skinner Landfill - West ‘ orwmg mewoo:  Hollow-Stem Auger BORING NO. 1
iChester, Ohio — B-66 ?
' SHEET :
Q sampunc Methoo: 2.0 ft. Split-Spoon 2 o 2
Sampler i DRILLING
: ' sTamr | Fnisw
1 WATER LEVEL | | L oTime TIME l
; ME | 092% 1350
" NORTH EAST DATE . i J DATE DATE
‘patum  ft. msl eusvation 732.64 casing DEPTH ! I 1 10-25.94 10-25-94
 DRILL RIG ! SURFACE CONDITIONS
ANGLE Vertical BEARING  ====== .
' SAMPLE HAMMER TORQUE FT.-.BS | |
T , : i i
1 o= | €~ W lb- ‘ ' l E
tw 2 2> SAMPLE NUMBER o 188211 » |
v2 ezl wE IR L i
< na> = e O A ! Q>
Igzgggfgg AND ;gag;;gg !as@o*.%*‘c;
- w: g | ' 002 L5SEnE0
g} a‘ga:"; DESCRIPTION OF MATERIALS v g 29 .<§.9 S<3wd
a8 <, ! | 1305 SEIB0
—i8 . ;ss- I |
i i _J t Il !
- | R
6 WELL GRADED SAND (SW), damp, 5% silt, 5% fine, | | ] ! T
r subrounded gravel. 5 | R !
C 17 'ss| 1 { '
: l D L
N ] s
—18 Damp, no silt. i i —_ I !
_ 19 ss| o o
~ : A ' ! K ;’ i
—20 R CL {
- . ! . - !
Ta T s
- i N \ _% ‘E
i 177 CLAY (CL), moist, 5% siit, 10% fine to coarse, rounded gravel, | | _j
L VA ! |
i 36 // 2% sand. | ! I
g3 S04 % Sand seam at 22.5 feet with black staining. iss =
- = " 1 =]
-~ ///// ‘ ; -
—_— A —_
—2% 5. é% ! i
.25 // 13 (SS N [
C ; / !
L2 ! //4 —
|22 e _CLAY (CL}, dry, 10%-silt, 10% gravel. ~ i
R POORLY GRADED SAND (SP}, wet, 20% silt. |
- ‘ 50/3 - 1
%_ 27 | o- 14 ;ss B :
:— | Very thin stringer of coarse sand at 27.5 feet. ' — |
o ! ! !
28 g POORLY SORTED SAND (SP), wet to saturated, medium (o ! 1 i
i ‘ 17 coarse gravel. i ‘ ;
- Y T !
B R | |1 ;ss 1 ;
-l 2 END OF BORING AT 30.0 FEET. Bl

DRILLING CONTR__.
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APPENDIX B

Grain Size Distribution Reports



A grain size distribution chart typically quantifies the various particle sizes indicating general
depositional trends. The distribution of the percentage of the total sample less than a certain sieve
size can be plotted in a cumulative frequency diagram. The equivalent grain sizes are plotted to a
logarithmic scale on the abscissa, while the percentage by mass of the total sample passing (finer
than) is plotted arithmetically on the ordinate. An example of some characteristic grain size
distributions are shown in this appendix. As shown in the figure, a well-graded soil is one which
has a good representation of particle sizes over a wide range, and its gradation curve is smooth and
generally concave upward. A poorly graded soil would be one where there is either an excess or
deficiency of certain sizes or if most of the particles are about the same size. The uniform soil
gradation shown is an example of a poorly graded soil. The Skinner soil samples tend to be
characterized as well graded sand, silt and clay, with the grain size distribution report being shown
in the following pages.
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APPENDIX C

Coefficient of Uniformity and Curvature Formulas



1y

2)

The coefficient of uniformity (C,) is a crude shape parameter, and is defined as:

C. =D
Dy

where Dg, = grain diameter (mm) corresponding to 60 % passing, and
D,, = grain diameter (mm) corresponding to 10 % passing, by mass.

Another shape parameter that is often used for soil classification is the coefficient of
curvature defined as:

C: = _@30)3
(DIO)(DGO)

where D,,= grain diameter (mm) corresponding to 30% passing,
Dy, = grain diameter (mm) corresponding to 60 % passing, and
D,, = grain diameter (mm) corresponding to 10 % passing, by mass.



APPENDIX D

USDA Triangle Coordinate Soil Classification Charts
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APPENDIX E

Casagrande’s Plasticity Chart
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LERAN CLRY 47.5128.7 j2e.8) 85.3
e e ———— __
Pro ject No.: 7258@.300 Remarks:

p-64 @ B’'- 67
B-S5 @ 16’- 1B’

TP-8 e @'- 4’

LIQUID AND PLASTIC LIMITS TEST REPORT
RUST ENVIROMMENT & INFRASTRUCTURE




LIQUID AND PLASTIC LIMITS TEST REPORT

1] 7
CH or ou/ /
Se / /1
§ 48 Upper Limit Line - / /
z /
—
= / /
[,
o 20 /
Q .
@ ¢L or OL
<
z 20
HATCHED /
AREA IS
n—CL /
10 /
/47/_—7 M. or OL MH or OH
2]
a8 30 48 1) <1} 7Q 88 S8 188
LIQUID LIMIT
Locatian ¢ Descripticn LL PL PI -220 ASTM D 2487-38@
® B-62.@ 4°- 8° SM, Silty =anc with
SILTY SAND WITH GRARVEL NV NP 1S5.7 gravel
A B-62 @ 14’- 18’ GC-GM, Silty clayey
SILTY CLAYEY GRAVEL WITH 28.2|11S.3| 4.9 | 1S5.7 gravel uwlth sand
SAND i
@ B-64 ¢ 18°- 22’ SMm, Silty send with
SILTY SAND WITH GRAVEL 17.4{168.1} 1.3 19.2 gravel
¢ B-S&8 Q &'~ 7/ - GC, Clayey gravel
CLAYEY GRAVEL WITH SAND 25.6|17.2] 8.6 | 22.8 with sand
x &i-54 @ 13’-~ 22° Gn, Silty gravel
SILTY GRRAVEL WITH SAND 18.6(14.5] 3.7 14.6 withhr sand
LNV - Nan=\'iscaus NP — Man—Plastic
i Proje=t No.: 7265@.306@ Remarke:
Pro ject: SKINNER LANDFILL B~62 € 4'- @’
Client: SKIMNER LANDFILL B-G2 @€ 14'= 16’
Lacat lon: B~64 @ 1B'=~- 22’
B~66 @ 4'- 7’
Date: 11.15.94
W-51 @ 18'=- 22’
LIQUID AND PLASTIC LIMITS TEST REPORT ¢
RUST EMVIRONMENT & INFRASTRUCTURE Lab. Ne.




APPENDIX F

Gas Permeability Calculations
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APPENDIX G

Lateral Pressure Drop From Soil Venting Wells
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Analysis of In Situ Vacoum Well Placement Using MODFLOW



ANALYSIS OF IN SITU VACUUM WELL PLACEMENT USING MODFLOW

BACKGROUND

The governing equation for 3-D single phase flow which is solved by MODFLOW using
a finite difference method is given by .

ah _ 8gs _ dq, a¢: |
SG=-F-5% % g

where the volumetsic flux density in the +direction is given by

&= =K g?h‘ [2}

These equations describe saturated groundwater flow subject to certain assumptions
regarding decoupling between saturated and ursaturated zopmes. The same equations
may be used to simulate gas fow in the unsaturated zone under the assumption that: 1)
gradients in gas phase density are small compared to the divergence of the gas velocity:
2) effects of gas pressure gradieats on water flow by capillary effects are disregarded,
e.g., water table upwelling is ignored: and J) gravitauonal gas flow is assumed negligible
compared to pressure effects. Under these conditions, [1] and [2] will desczibe gas dow
in the unsaturated zone whez g¢; is taken as the volumetric flux density of gas and other
vasiables are defined as follows

h = P/P-! A _[3]
(;,., c.étd&{?‘:h - K, = fw 9'&|/’1¢ (/5[ -F f
G ST ER ~ S, = Mpy 90s/00 RT "8l )

: s/
where P is the gauge gas phase pressure [F L™}, po is the demsity of water [M L7, gis
gravitational acceieration |[L T %, ki, is gas permeabiiity in the i-direction [L*], na 1s the
dymamic viscosity of the gas phoase [F T L%}, A is the molecular weight of gas [M
mol™], e« is the gas flled porosity [L¥ L3, s, is the density of gas [M L™%], R is the gas
constant {F L moi™ deg’'] and T is Kelvin temperature [deg].

In equation (3], h represents the gas pressure expressed in units of equivalent water
height. For example, an absolute gas presssure of 0.5 atm or equivalently a vacuum of
0.2 atm corresponds to a gas pressure head of A = =2 m. In equations [4] and (5], X
and S, may be referred to as the gas conductivity and specific storage, respec:ively. "It
should be noted that alternative mears of defining a gas conductivity are possible (using
2 different referemce Juid demsity) so caution should be used to emsure consistent usage.
In [5] it bas been assumed that porous medium compressibility is negligible and gas
compressibility follows the ideal gas law. For a gas-filled porosity of 0.2 at 10°C, the gas
specific storage. S,, will be approximately 0.02 m™'. For steady state analyses, the value
of S. has no effect on the solution - it only effects the time required to reach steady

state conditions.
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An alternative way to write [4] arises by noting that k,, = k.k; where k., is the gas
relative permeability which varies from 0 to 1 and k; is the intrinsic permeability in the
+-direction. Since intrinsic permeability is related to the saturated hydraulic
conductivity, Kie,, as k; = K.e;7e/peg then we may write

K.‘. = k—. Kl./ﬂrn [6]

where 7.« = ns/ne. Relative permeability, k... will vary from zero when ¢4 is zero to 1
when ¢. is equal to the total porosity, ¢. The seusitivity of gas relative permeability to
gas filled porosity is rather mild at low water contents such that relative permeability
geaerally decreases iz a manner roughly proportional to the gas saturation, é4/¢, for gas
saturations greater than about 25%. Therefore, to first approximation, gas conductivity
may be estimated from hydraulic conductivity if this is known by employing [6] with
kro.. = ée/é. Vertical variations in intrinsic permeability as well as relative
permeability could be incorporated in the gumerical analysis by assigring different gas
permeabilities to different layers or areal zones in the model. In practice, the most
practical and reliable procedure for determining gas conductivity will be to pesform an
in situ gas pump tes:t. The pump test data may be analyzed in the same fashion as
conventional water pump tests using analytical methods (e.g., Theis or Jacob) or the
aumerical model may de used to simulate the pump test with conductivity adjusted (by
hand or using an automatic algorithm) to fit the observed fow rates and/or observation
well pressures.

EXAMPLE PROBLEM

A hypothetical problem was analyzed to demonstrate the use of MODFLOW for
designing in situ vacuum extraction systems. The problem invoives a domain 250 x 250
m in the areal plane with an unsaturated soil thickness of 20 m (Figure 1). Part of the
soil surface over the cemiral 150 x 150 m of the domain is covered with a gas
impermeabie material and the remainder is oper to the atmosphere on an annular stnp.
Soil properties were assumed to be uniform over the domain with X,=K,=300 m 4"
and X,=100 m d’'. The gas specific storage was taken to be 0.02 m™. In analysis A,
three vacuum extraciion wells (W-1. W-2 and W-3) were placed through the covered
area and scresned over the depth of 15 to 20 m. In analvsis B, a fourth well (W-4),
scresned over the same interval, was placed at a location that would otherwise vield a
stagnation point in the gas fow.

Boundary conditions. The lower boundary of the system is the upper Limit of the
capillary fringe (or to Srst approximation, the water table). This boundary is assumed
tnitially known from observation well data and is fixed with time. The boundary
condition at the bottom is no-flow. Actually. water table upwelling will occur when
vacuum wells are pumped. The exact rise in the water table will be equal in magnitude
and opposite in sign to the gas pressure head on the lower boundary. Therefore, if a
more refined analysis is desired, the location of the lower boundary may be corrected in
an iterative fashion. The simplest way to accomplish this would be to reduce the
conductivity of the lower blocks in proportion to the fraction which is water-saturated
(i.e., if water occupies 0.6 of the block height, reduce K by 0.6).

PO



The lateral boundaries of the system are aiso treated as no flow boundaries and should
be located such that this assumption is met. That is, it is desired that the lateral
boundaries be far enough away from the vacuum source that negligible pressure change
is propogated to the boundary. If initial simulations indicate this condition is not ‘met,
the domain size should be increased.

The upper boundary is the soil surface. Covered portions should be treated as no flow
boundaries. Portions which are uncovered shouid be treated as constant pressure

boundaries. Specifically, k=0 is assumed oz atmospheric boundaries.

Vacuum wells are treated as normal pumping wells m MODFLOW with the total gas
flow rate prescsibed (M’ T7']. Note that withdrawal rates have a negative sign. If the
well bore vacuurt is known rather than the withdrawal rate, then the latter should be
guessed and several trial simulations performed until the correct flow rate is obtained.
In the present case, the flow rates at weils W.1, W.2 and W-3 were each assumed to be

10,000 m* d™'.

Injection wells are treated as interior presctibed pressure podes. Specifically, they are
treated as nodes with a constant pressure of A=0 on the screened portion. Well W4 is

treated in this fashion.

Model results. Contour plots of the steady state gas pressure head distributions for
problems A and B are shown in Figures 2 and 3. respectively. In designing the vacuum
systemx. it is desired to have gas flow direcied through the hydrocarbon contaminated
soil with no stagnant zopes. Placement, scresning interval and pressure of vacuum wells;
location and scceezing interval of intake wells; and extent of surface cover may be
manipulated to achieve suitable system operating conditions. Inspection of the pressure
field within the zone of contamination may be used to judge the design in an ad hoc
fashion. A more quantitative and accurate approach would be to perform an analysis of
travel time distributions through the plume with :he objective of designing the system
to minimize the mean travel time and the travel :ime variance. Suck an analvsis could
be performed using a program suck as GWPATE which interfaces with MODFLOW to
compute travel times on selected streaciines. Starting poicts for the travel time
apalysis should be selected on star: at the plume boundary and at injection wells if they
occur such that streamtubes of equal total Jow are analyzed.
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3 Figure 1. Areal view of hypothetical gas venting problem.

Figure 2. Contour plot of gas pressure heads (h, meters) without injection well W-4.
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Figure 3. Contour plot of gas pressure heads (k, meters) with injection well W-4.




APPENDIX H

HyperVentilate Information Package



SKINNER LANDFILL
SVE SYSTEM FEASIBILITY INVESTIGATION
USING HYPERVENTILATE DECISION-SUPPORT SOFTWARE

HyperVentilate was the primary tool used in evaluating the feasibility of SVE at the Skinner
Landfill. This interactive, software guidance system is approved by, and available from the USEPA.
The two applications for HyperVentilate were intended to determine the following:

1. To determine if soil venting is appropriate at a site
2. To approximate the minimum number of extraction wells anticipated to be needed
A% TION VE L T D WI A N Y

A Lagoon Lithology

1. Based upon 15 test boring (prior Rust investigation)
2. Sediments are Clay to Silty-Clay Soils
3. Static Water Level at 18 to 27 feet below grade

Input data for HyperVentilate Model:

Type of Soil Silty Clay
Permeability Range (darcy) 0.01 - 0.0001
Well Radius 4"
Radius of Influence 30"
Interval Thickness 10
Temperature 16 degrees C
Composition of Contaminant BETX (for model application)
Estimated Spill Mass 26,900 kg
Desired Remediation Time 547.5 days (1.5 years)
Contaminant Distribution:

Radius of Influence 20,000 fi2

Interval Thickness 10 ft

Average Concentration 2,666 mg/kg
Design Vacuum 120 " H,0

Based upon the given input parameters, the Hyperventilate Software indicated that a minjmum of
84 SVE wells would be required to remediate the buried lagoon contaminants. A number of this
magnitude is not practical for a cost-effective soil venting system.



SKINNER LANDFILL
SVE SYSTEM FEASIBILITY INVESTIGATION
PERIMETER SOIL EVALUATION
USING HYPERVENTILATE DECISION-SUPPORT SOFTWARE

HyperVentilate was used in evaluating the feasibility of SVE in the perimeter soils at the Skinner
Landfill. This interactive, software guidance system is approved by, and available from the USEPA.
The two applications for HyperVentilate were intended to determine the following:

1. To determine if soil venting is viable and effective in the perimeter soils.
2. To approximate the minimum number of extraction wells anticipated to be needed

AN EVALUATION OF SVE WELLS INSTALLED WITHIN THE PERIMETER SOILS

A Perimeter Soil Lithology

1. Based upon 7 perimeter test borings (Rust supplimental investigation)
2. Sediments are Sandy Loam Soils
3. Static Water Level at 18 to 27 feet below grade

Input data for HyperVentilate Model:

Type of Soil Sandy Loam
Permeability Range (darcy) 0.05-0.005
Well Radius 4"
Radius of Influence 30"
Interval Thickness 10’
Temperature 16 degrees C
Composition of Contaminant BETX (for model application)
Estimated Spill Mass 26,900 kg
Desired Remediation Time 365 days
Contaminant Distribution:
enahidase” e
Average Concentration 2,666 mg/kg
Design Vacuum - 120 " H,0O

Based upon the given input parameters, the Hyperventilate Software indicated that a minimum of
32 SVE wells would be required to contain the migration of contaminants through perimeter sotls
A number of this magnitude is not practical for a cost-effective soil venting system.
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